New work identifies components of the abscission checkpoint that prevent premature severing of the bridge connecting cells at the end of cell division. Kinase activities allow the membrane remodeling machinery to take their mark, but prevent them from leaving the starting block.
After segregating intracellular components into two cells, the final step in cell division is to sever the bridge that connects the sisters. Abscission involves both severing the dense spindle-derived microtubules and pinching and remodeling the plasma membrane. Severing is an irreversible step and resolving the connection prematurely (for example, before all chromosomes are out of the way) can result in negative consequences. Not cutting the bridge is also problematic and results in multinucleate cells because chromosomes have already been duplicated and encapsulated in separate nuclei. The abscission checkpoint helps prevent such problems. Although this checkpoint is also referred to as the 'no-cut' checkpoint, the goal of this checkpoint is to delay rather than abort abscission. In their recent eLife paper, Caballe, Wenzel and colleagues uncover a new regulator, Ulk3 (Unc-51-like kinase 3), without which cells fail to heed delay signals [1] .
In the last several years, many mechanistic details about the process of abscission have been elucidated. Left: sensory feedback arising from the contact of the stick insect leg with a substrate promotes stepping movements and simultaneously gates searching behavior. Right: when a stick insect encounters a gap with no substrate for foot support, the lack of sensory feedback removes the gating on NSI I4 commands which are then transformed into searching movements aimed at finding a foothold across the gap.
Endosomal sorting complexes required for transport (ESCRT) proteins are critical for abscission. Components of the ESCRT pathway are recruited sequentially to the center of the intercellular bridge known as the Flemming body -first early ESCRTassociated Alix, then Tsg101, then the ESCRTIII complex proteins CHMPs and Ist1, and finally VPS4, the AAATPase. They form rings at the boundary of the central dark zone. But this is not where membrane remodeling occurs. Rather, the membrane is pinched as VPS4 facilitates ESCRTIII ring sliding and constriction adjacent to the Flemming body [2] [3] [4] .
ESCRT complex proteins CHMP4C and VPS4 have been identified as participants in the abscission checkpoint. Aurora B kinase, a key regulator, phosphorylates CHMP4C, which in turn prevents ESCRTIII-mediated membrane remodeling [5] . Aurora B also stalls VPS4 at the midbody rings through the activity of CHMP4C and ANCHR (abscission/no cut checkpoint regulator), a lipid phosphatidylinositol 3-phosphatebinding protein [6] . VPS4 and several other midbody proteins contain microtubule-interacting and trafficking (MIT) domains that bind to MIT-interacting motifs (MIMs) in ANCHR and ESCRTIII proteins. However, no MIT domaincontaining proteins had been identified in the abscission checkpoint pathway. In this new report, Caballe, Wenzel and colleagues [1] identified Ulk3, an MIT-containing kinase, as a likely ESCRT-interacting candidate. Ulk3 has been shown to participate in hedgehog signaling, but was not known to function in the midbody [7] .
Caballe, Wenzel et al. discovered that Ulk3 can interact with three ESCRTIII proteins, CHMP1A, CHMP1B, and Ist1. They demonstrated that the Ulk3 MIT domains bind with especially high affinity to Ist1. Although ESCRT proteins function at several locations inside the cell, Caballe, Wenzel et al. demonstrated that Ulk3 is important during abscission because Ulk3 localizes to the midbody and depletion of Ulk3 has the same abscission-delaying phenotype as depleting CHMP4C. Importantly, without Ulk3, cells fail to delay abscission in response to three known abscission checkpoint triggers: problems with nuclear pore assembly, the presence of lagging chromosomes, and high tension forces applied to cells.
There are many possible steps during abscission that could serve as a checkpoint target. Although the work does not exclude the possibility that earlier steps are also targeted in some way, the authors [1] demonstrate that like CHMP4C and ANCHR, Ulk3 targets the final stages in ESCRT-mediated remodeling. Overexpression of Ulk4 led to a 20 percent decrease in early Ist1-free midbodies, and more than a ten percent increase in midbodies with Ist1 ring localization. Presumably, these are late stage midbodies. In contrast, upon overexpression of ULK3, Ist1 can be found in rings at the midbodies of almost half of the midbodies examined. Ulk3 also increases ring localization of CHMP4B and these effects are abrogated by mutation of the Ulk3 kinase domain. Ulk3 activity appears to freeze ESCRTIII components adjacent to the Flemming body. This is similar to the proposed activity for ANCHR, which prevents the appearance of a secondary pool of VPS4 distal to the midbody rings.
There are many intricacies of the checkpoint-signaling pathway. Aurora B kinase activity is required for Ulk3, CHMP4C and ANCHR to affect abscission delay, although Aurora B has only been shown to phosphorylate CHMP4C directly [5, 8] . Ulk3 also phosphorylates CHMP4C at a different site, but CHMP4C is not a simple downstream target of Ulk3. Rather, CHMP4C is required for Ulk3 phosphorylation of Ist1. Interestingly, binding assays indicate that Ulk3 does not bind to CHMP4C (but to Ist1, CHMP1A and CHMP1B) so interactions between these proteins might be mediated by additional proteins. Unraveling the full complexity of the delay signaling pathway will thus require future studies in the field.
It is clear, however, that interactions between MIT-domain and MIMcontaining proteins converge to prevent VPS4-dependent reorganization of ESCRTIII proteins at the midbody ring. Ist1 is known to regulate VPS4 activity [9] and a phosphomimetic mutation on Ist1 enhanced binding to both VPS4 and LIP5 [1] . It seems possible that Ulk3-mediated phosphorylation of Ist1 will inhibit VPS4-mediated remodeling and that like ANCHR, phosphorylated Ist1 will prevent VPS4 accumulation at the distal cleavage site. These regulatory steps appear to facilitate creation of the ESCRTIII rings and then freeze them before they slide away from the Flemming body to create the abscission sites.
As mentioned earlier, the abscission checkpoint is not a toggle switch. It is still not clear how this signaling network achieves a delay. And importantly, what signals the checkpoint release when intracellular problems have been resolved? Phosphatases could counter the effects of Aurora B and Ulk3. Complexity in the checkpoint mechanism could provide both flexibility and responsiveness. Perhaps different release signals feed in through different molecules downstream of Aurora B. For example, in addition to Ulk3 and VPS4, MITD1 and several other MIT-containing proteins bind to the MIMs in Ist1 [9] [10] [11] . One of these could signal checkpoint release. Alternative signals could feed in through CHMP4C or ANCHR. Alternative, non-exclusive, consequences of the pathway complexity could be prevention of scission upon transient input fluctuations or cooperative switching of both microtubule removal and membrane remodeling [12, 13] .
It is possible that other ESCRTmediated processes utilize checkpointlike regulation. Ist1 is not required for MVB formation or for HIV budding [9] , so it seems that a checkpoint is less likely in these scenarios. However, ESCRT proteins remodel several other membrane landscapes [14] , such as sealing fenestrations in the reforming nuclear envelope, which does involve Ist1 [15, 16] . Future studies could reveal that regulated timing mechanisms delay and then trigger ESCRT function throughout the cell.
A new report details the interaction between two isoforms of an important BRANCHED1 (BRC1) transcription factor gene in potato. The regular long form inhibits lateral branching, like BRC1 in other species, but a modified protein that originates from alternative BRC1 splicing inhibits the long form and promotes lateral branching.
BRANCHED1 (BRC1) and other related TCP transcription factor genes have the remarkable ability to inhibit plant growth. Yet the affected plant parts remain viable and can recommence growth when BRC1 levels decrease. BRC1 levels can change in specific ways dependent on genetic and environmental cues, and the resultant pattern of BRC1 expression can have a large impact on the final shape of a plant. For example, the wild progenitor of maize, teosinte, expresses the BRC1-related TCP gene Teosinte branched (Tb1) in lateral buds in order to optimize branching depending on the conditions [1] . However, the dominant Tb1 allele is linked to a transposon that leads to increased Tb1 expression resulting in less buds growing into branches, and more energy diversion into the main stem and into the maize seeds [2] . For the ancient Mayans, a tall, upright teosinte with a thick main stem and large seeds presumably would have been very attractive during the domestication that began in southern Mexico around 9,000 years ago.
Genes related to BRC1 and Tb1 have been studied in a variety of species. While the control mechanism is not well understood, it is thought to be through plant hormones and signals that precisely regulate BRC1 gene expression. For instance, strigolactones can promote BRC1 expression [3] and BRC1 is required for bud outgrowth repression [4] . On the other hand, cytokinins or sucrose can inhibit BRC1 expression and promote bud outgrowth [5, 6] . In this way, BRC1 acts as an integrator of multiple branching signals, depending on the species and situation (see review [7] for more details). Production of such an important and potent growth inhibitory protein might be expected to be tightly regulated at multiple levels. Thus, it is highly significant that Nicolas et al. [8] report recently in Current Biology an example
